There are limited data available on the prevalence of malnutrition in children admitted to the hospital and data concerning the nutritional status during admission and at discharge are even scarcer.
Malnutrition is associated with increased morbidity and mortality in children including a higher risk of infections due to poor immune defence, wound healing problems, reduced gut function, longer dependency on mechanical ventilation and longer hospital stay. Furthermore, malnutrition in infancy is associated with poor growth and reduced or delayed mental and psychomotor development. In order to decrease the prevalence of malnutrition among children who are admitted in the hospital it is important to identify the children at risk at an early stage so that appropriate nutritional intervention can be initiated.
Hospital protein-energy malnutrition has already been described back in 1980 1 and current studies report variable percentages depending on the methods used and countries involved. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The largest proportion of malnourished children was found among children with multiple diagnoses, mental retardation, infectious diseases and cystic fibrosis. 15 In only two studies was the deterioration of nutritional status during hospital admission reported 2 14 with, respectively, 52% and 65% of children experiencing weight loss.
All these studies on the prevalence of malnutrition among hospitalised children and the deterioration of nutritional status during admission, however, were performed in single centres. The aim of our study was to screen the nutritional status of all children admitted to all paediatric wards in The Netherlands during three consecutive days.
METHODS
All 101 Dutch hospitals with a paediatric wardthat is, 93 general and eight academic hospitals were invited by letter to participate in this study on a voluntary basis. The three screening days took place on 26, 27 and 28 November 2007. The inclusion criteria were age .1 month, admission to a medium care unit and an expected stay of at least What is already known on this topic c The prevalence of acute malnutrition over the last 10 years in hospitalised children in Germany, France, UK and the US varied between 6% and 14%, whereas in Turkey a percentage up to 40% malnutrition was reported. c Acute malnutrition is highly prevalent in children with an underlying disease. c Prevalence studies on malnutrition in paediatric hospital patients were done in single, mainly tertiary, centres.
What this study adds
c Prevalence data of acute and chronic malnutrition obtained from a nationwide study. c Multivariate analysis showing a significant relation between the presence of malnutrition and underlying disease, and an association between the presence of acute malnutrition and a longer hospital stay.
group.bmj.com on January 30, 2012 -Published by adc.bmj.com Downloaded from 1 day. The institutional review board of Erasmus Medical Centre approved the study protocol and waived the need to ask for informed consent of each parent because of the standard nature of the measurements in the protocol. Parents or caregivers were informed by a letter approved by the institutional review board and could refrain from participation without consequences.
For all children age, sex, diagnosis and length of hospital stay was recorded. Race was classified as white and non-white. Children were classified by the treating physician as surgical and non-surgical and with or without an underlying disease. Reasons for admission were classified as respiratory, trauma, infectious, surgical, oncological, gastro-intestinal, cardiac, neurological and others.
Measurements of weight were performed on admission and discharge. Supine length or standing height assessment was performed on admission. All measurements were done in a standardised way and using standard equipment (digital scales, stadiometer) as explained to participating hospitals beforehand. 16 The measurements were performed by the nursing staff or attending doctors. All anthropometric data were compared with published standards based on a Dutch reference population and translated into standard deviation (SD) scores. 17 This resulted in SD scores for weight for height (WFH), and height for age (HFA). An SD score ,22 for WFH was used to indicate acute malnutrition, and an SD score ,22 for HFA was used to indicate chronic malnutrition. Overall malnutrition was defined if acute malnutrition and/or chronic malnutrition were present.
Children younger than 2 years with a history of prematurity were analysed according to corrected age.
Discharge data were compared to the measurements at admission in children with a length of stay of at least 4 days.
Statistical analysis
Descriptive analyses were used to describe the study population and the feasibility of performing the measurements. Continuous outcomes are summarised using median and range. x 2 Tests were used to compare percentages between groups. Comparison of continuous data between groups was done using the Mann-Whitney U test.
Simultaneous evaluation of various factors regarding the prevalence of malnutrition was done by logistic regression.
Multiple regression analysis regarding the length of hospital stay (LOS) was used to evaluate relations with various clinical factors. Logarithmic transformation of the LOS was applied to minimise the influence of outliers. As considerable skewness remained after this transformation, standard errors were calculated using the bootstrap method (1000 replications) with Stata software. We considered A p value (two-sided) ,0.05 to be significant.
RESULTS General
The overall response rate was 52% (52 hospitals, seven academic and 45 general). Four of the 45 general hospitals did not include patients and four did not return the case record forms. Finally, 44 hospitals participated (seven academic and 37 general). A total of 424 children met the inclusion criteria (172 academic and 252 general). Baseline characteristics are shown in table 1. The median age was 3.5 years (31 days-17.7 years), 63% were male, 86% white. Median length of hospital stay was 2 days (range 1-44 days); 24% of the children were in hospital for more than 4 days. Twenty-three per cent of children were admitted because they needed surgery. Overall, 29% of the admitted children had an underlying disease with a significant difference between the academic and general hospital population (51% vs 15%, respectively, p,0.001).
Admission data
Weight and length measurements were available in 99% and 92% of children. The percentage of children with acute malnutrition was 11% (95% CI 8% to 15%) and with chronic malnutrition was 9% (95% CI 6% to 12%). Prevalence rates of malnutrition in the overall group and several subgroups are described in table 2. Overall, the prevalence of malnutrition was 19% (95% CI 15% to 23%). Within this group of malnourished children, 44% was known to have an underlying disease such as cerebral palsy or neurological disease (n = 7), congenital heart anomalies (n = 6) or metabolic disease (n = 2).
Univariate analysis
There was a significant difference between academic and general hospitals in the prevalence of chronic malnutrition, 14% vs 6%, respectively (p = 0.013), with no significant group.bmj.com on January 30, 2012 -Published by adc.bmj.com Downloaded from differences between centres within the academic and general hospital group. Comparing age groups no differences were found in the prevalence of malnutrition. The prevalence of chronic malnutrition was significantly higher in non-white children compared with white children, 19% vs 7% (p = 0.017). Children with an underlying disease had a significantly higher overall prevalence of malnutrition and prevalence of chronic malnutrition compared to those without an underlying disease, 28% vs 15% and 18% vs 5%, respectively (p = 0.004 and p,0.001). These associations did not significantly differ between the two types of hospital.
Comparing diagnostic groups showed the highest prevalence for acute malnutrition for gastrointestinal disorders (18%). For chronic malnutrition, the highest prevalence was found in children with neurological disorders (31%).
The median duration of hospital stay of children with acute malnutrition was significantly longer compared with those without such malnutrition, median 4 (range 1-44) days vs 2 (1-24) days, respectively (p = 0.001). This difference was similar in academic and general hospitals (p = 0.055 and 0.006, respectively).
Multivariate analysis
Multiple logistic regression analysis allowing for age, underlying disease, ethnicity and surgery showed a significant relation between the presence of malnutrition at admission and underlying disease (OR = 2.2, CI 1.3 to 3.9; p = 0.005). For acute malnutrition no significant factors were found, whereas for chronic malnutrition both underlying disease and non-white ethnicity were significantly related to a higher prevalence (OR 3.7, CI 1.7 to 7.8; p = 0.001 and OR 2.8, CI 1.2 to 6.6; p = 0.016, respectively).
Multivariate regression analysis showed that the presence of acute malnutrition, non-white ethnicity and the presence of underlying disease were significantly related to a longer hospital stay (table 3) . Children with acute malnutrition stayed on average 45% longer in the hospital than children in a normal nutritional status. Being admitted for surgery was significantly related to a shorter duration of stay. The type of hospital was not significantly related to length of stay. The presence of chronic malnutrition or overall malnutrition was not significantly related to a longer hospital stay when corrected for the other clinical factors (p = 0.414 and p = 0.097, respectively).
At discharge
Of the 103 children who were in hospital for more than 4 days the median length of stay was 8 days (range 5-44). For this group prevalence rates of acute and chronic malnutrition at admission were 21% and 8%, respectively. Data for both weight and height at discharge were available for 62 of the 103 children (60%). Within this group 65% of the children lost no weight or gained weight, and 3% had a weight loss more than 5% during admission. The percentage of children with acute malnutrition did not change between admission and discharge. Children with acute malnutrition and admitted for more than 4 days did not lose more weight during admission than children with a good nutritional status at admission.
DISCUSSION
This unique nationwide screening study performed in 46 hospitals in The Netherlands shows that 19% of admitted children have acute or chronic malnutrition at admission; 11% acute and 9% chronic. The overall prevalence of malnutrition was significantly higher in children with an underlying disease, 28% vs 15%. There was a markedly difference in chronic malnutrition between academic and general hospitals, 14% vs 6%. This difference could largely be explained by the higher proportion of children with underlying disease in academic centres (51% vs 15%).
The second main finding of this study is that children with acute malnutrition on admission had a significantly longer length of hospital stay than children with a normal nutritional status, also when corrected for other clinical factors.
The strength of this study is that to our knowledge, this is the first study looking into the prevalence of malnutrition among hospitalised children that is performed in a nationwide setting. Previous studies on this topic were only done in single centres, Acute malnutrition defined as weight for height SDS ,22; chronic malnutrition defined as height for age SDS ,22. *Significantly higher prevalence than in white group (p = 0.017). {Significantly higher prevalence than in group with no underlying disease (p,0.001). {Significantly higher prevalence than in group with no underlying disease (p = 0.004). (table 4) , which may influence the overall prevalence. 18 In these studies various criteria were used to define acute and chronic malnutrition. We used the WHO criteria for defining malnutrition. 19 The likelihood of malnutrition was defined using a cut-off point of 22 SD. To compare data from other studies equivalent criteria for SD scores ,22 for weight for height or height for age should be used.
There are also some important weaknesses of this study. First, anthropometric measurements were performed by many observers on the three consecutive days. Thus, inter-observer and intra-observer variability may influence the results. Second, we were not able to check weighing scales and radiometers on the precise accuracy. Third, we did not take into account special growth curves for children with a chromosomal disorder or special growth curves for non-white children. None of the previously cited studies accounted for these issues, but one should be aware that prevalence rates of acute and chronic malnutrition might be slightly different.
The prevalence rate of 11% acute malnutrition that we found in The Netherlands is equivalent to other studies. Recently published prevalence data in Germany, France, UK, the US and Brazil show percentages varying between 6% and 19% (table 4). We found no difference in acute malnutrition between academic and general hospitals. In previous studies risk groups for acute malnutrition were children with multiple diagnoses, mental retardation, chromosomal disorders, infectious diseases and cystic fibrosis. 7 15 In our study the highest prevalence for acute malnutrition was seen in children admitted for gastrointestinal disorders. It should, however, be noticed that because of the non-uniform classification into disease categories used in various studies, it is difficult to accurately compare such prevalence data. In contrast to previous studies, we performed multivariate analysis, which enabled us to adequately identify risk groups for malnutrition. Children with an underlying disease showed a higher prevalence rate for acute malnutrition (14%) but this was not significantly different from children without an underlying disease. We did not find a difference in the prevalence of acute malnutrition among different age groups, whereas in previous studies the highest prevalence was found in infants and young children under 5 years of age. 6 15 Chronic malnutrition in hospitalised children has only been reported in a few studies, with prevalence rates varying from 8-18%. 6 7 14 We found a prevalence of 9% and both underlying disease and non-white ethnicity were significantly related to a higher prevalence. The high prevalence of chronic malnutrition of specific groups of children with an underlying disease was also reported recently in children with neurological, cardiac and renal diseases. [20] [21] [22] [23] [24] Concerning the high prevalence of chronic malnutrition in non-white children we have to address to the fact that we did take into account special growth curves for these children. This might give an overestimation of the prevalence of chronic malnutrition.
Our study shows that children with acute malnutrition on admission stayed on average 45% longer in the hospital than children without such malnutrition. Relations between nutritional status and outcome measures such as hospital stay have mainly been described in adult patients, 25 not in children. Only recently Secker et al showed an association between a poorer preoperative nutritional status of surgical children and a higher risk of nutritionassociated complications and prolonged hospitalisation. 26 Our study protocol included weight measurement at discharge, but this was only performed in 60% of children with a hospital stay .4 days. This latter finding points to an apparent lack of awareness on the need to screen nutritional status also at discharge. In those children measured at discharge 3% showed a weight loss of .5%, in 65% no weight loss was found and children with acute malnutrition on admission did not lose more weight during admission than children without malnutrition. These findings are in contrast to a study done in a tertiary hospital in Paris; from the 296 studied children 63% lost .2% and 17% lost .5% of weight during admission. 2 Reasons for this difference might be that compared to our study the group of children in Paris was younger (15 months vs 3.5 years) and had a longer mean hospital stay (mean 7 days vs median 2 days) with a higher percentage of children with a prolonged hospital stay (.5 days 65% vs .4 days 24%).
Our findings have major implications for clinicians and policymakers. All clinicians should be aware of the considerable group of children who have malnutrition on admission and the fact that this group stays significantly longer in the hospital. Clinicians have to act upon this knowledge by optimising nutritional support. In order to improve the standard of care and be informed about the problem of malnutrition, all hospitals should have a policy concerning screening and treatment of children who are malnourished on admission or at risk. As from 1 January 2008, the Dutch government has obliged all hospitals to screen for malnutrition in all hospitalised children on admission and to show the results of treatment of malnutrition on day 4 of admission.
Future research should focus on multicentre nutritional intervention studies to show the possible beneficial effect of treating malnutrition on nutritional status, morbidity and mortality. group.bmj.com on January 30, 2012 -Published by adc.bmj.com Downloaded from
